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Abstract 
 IEEE 802.16e specifies power saving standards for energy efficient communication of a mobile subscriber 
station. This paper investigates analytically and evaluate the performance of the sleep mode operation of IEEE 
802.16e for the power saving class type -I. We analyze a sleep mode mechanism using batch service queueing 
system with multiple vacations and changeover time. It is observed that in the sleep mode, a mobile subscriber 
stations sleeps for a sleep window and wakes up to check the number of pending download packets. We study the 
overall message delay in the downlink channel and performance of mean number of packets in the queue, 
queueing delay and probability of blocking.  Numerical results show that our proposed approach achieves better 
energy management. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of C3IT 
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1. Introduction 
The extensive growth of the wireless networking technology over the last decade has lead to an 
increasing demand for new applications. The WiMAX (Worldwide Interoperability for Microwave 
Access) is rapidly gaining popularity because of open standard, high performance, flexibility for 
supporting a number of users and sophisticated support for quality of service (QoS) at MAC layer for 
different categories of services as given in [1] and [2]. In addition, the WiMAX is cost effective 
broadband access solution compared to other access network technology. Recently developed IEEE 
802.16e is one of the emerging technology for the next generation mobile networking; it supports 
Mobile Stations (MS) moving at vehicular speed in licensed bands and amendment for broadband 
wireless access. The lifetime of mobile devices totally depends on small and lightweight batteries in 
wireless and mobile communications systems. It is depicted in Fig. 1. With sleep mode operation, a 
mobile node does not listen to messages continuously but it alternates the active state and the sleep 
state. In the sleep state, the mobile node turns off parts of circuitry, which can save the battery power 
greatly. However, a mobile node in sleep state cannot be aware of the messages destined for it, which 
increases delay in message delivery. Hence, there is a tradeoff between the power saving and the 
delay performance and the issue is how to maximize the power saving, while maintaining the required 
quality of service (QoS) on delay. The performance of the energy saving techniques using queueing 
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approach discussed in Turck et al.  [3]. Xiao [4] proposed a novel model to investigate the energy 
consumption in IEEE 802.16e by considering the message delivery from base station (BS) to MS. The 
energy consumption of both the incoming and outgoing frames has been studied in Zhang et al. [5]. 
There are two major reasons for a user to exercise power control: the first one is the limit on the 
battery energy available to the mobile, and the second reason is the increase in capacity, which can be 
achieved by minimizing the interference.  
 
 
 
 
Fig. 1 WiMax applications 
 
In this paper, we focus on the IEEE 802.16e sleep mode mechanism with power saving class of 
type-I. The power saving class of type-I is recommended for connections having best effort service 
and non-real time polling service. The application specific contribution of the paper is the capability 
of the considered model to predict the influence of the sleep mode parameters on the mean packet 
delay and the mean power savings. This paper is organized as follows. Section 2 is devoted to the 
description of the system model. Analytical results have been discussed in Section 3. Some 
performance analysis is carried out in Section 4.  Numerical results in the form of graphs are 
presented in Section 5. Section 6 concludes the paper.  
 
2.   System model 
 
Under the 802.16e sleep-mode operation, mobile service station (MSS) starts to sleep for a fixed 
amount of time, called initial-sleep window, and wakes up in order to find if the BS has any buffered 
downlink traffic destined to itself. If there is no such traffic, it adjusts the sleep window size, and then 
checks with the BS again when it wakes up. The sleep window size is determined by different rules 
according to the Power Saving Class. However, the window size is basically doubled up to the 
maximum value whenever the MSS finds no buffered traffic with its serving BS. The related 
operational parameters can be negotiated between the MSS and BS. If an MSS has packets to send for 
uplink transmissions, it wakes up prematurely. Because there is no allocated bandwidth for this MSS, 
the MSS shall issue a bandwidth request message through a bandwidth request contention interval, 
and then the MSS operates normally, i.e., by transmitting its pending packets upon bandwidth 
allocation by its BS. As the transmission of packets arriving at the BS must be postponed until the 
current sleep period of the MS is finished, it is clear that the overall packet delay will suffer. Hence, a 
trade-off needs to be made with respect to the sleep period lengths. Short sleep periods result in too 
many unneeded activations of the MS radio interface which is less energy efficient, while very long 
sleep periods result in excessive packet delays.  The energy consumption for the startup procedure 
(from sleep to awake) is non negligible discussed in Han and Choi [6]. Therefore, if the MS works in 
high traffic load, frequent startups consume more energy.  To optimize the cost we proposed better 
power efficient system. 
We consider a finite buffer batch service queueing system with multiple vacations and changeover 
time. Let us assume ࢇ and ࢈as the threshold values of activating the server and service capacity, 
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respectively. Whenever the server finished all its work, it goes to sleep, an internal timer which is 
exponentially distributed with parameter  ࢼ is then started and the server awakes to check the queue 
content. When upon awaking the server finds that there are still less than ࢐ሺ૙ ൑ ࢐ ൑ ࢇ െ ૛ሻ packets, 
it goes to sleep again. If the number of packets in the queue is ࢇ െ ૚ either at a service completion 
epoch or at a sleep termination point, the server will wait for some more time in the system which is 
called changeover time. The changeover time is exponentially distributed with parameterࢻ. If there is 
an arrival during the changeover time the server will start service immediately, otherwise the server 
will go for a sleep period. If after a sleep period, the server finds a non-empty queue, it serves all 
packets present at that point and also all new packets that arrive while the server is working, until the 
queue becomes empty again and the whole procedure is repeated. 
3.   Analytical Model
    We consider a Markov chain with the state space ሼሺ݅ǡ ݆ሻȁͲ ൑ ݅ ൑ ܰǡ ݆ ൌ Ͳǡͳሽ ׫ ሼሺܽ െ ͳǡʹሻሽwhere 
݅gives the queue size and ݆ represents the state of the server. The process is in the state ሺ݅ǡ Ͳሻ if there 
are ݅ packets waiting in the queue and the server is in sleep mode. It is in stateሺ݅ǡ ͳሻ if there are ݅ 
packets waiting in the queue and the server is busy and it is in state ሺܽ െ ͳǡʹሻ if there are ܽ െ ͳ 
packets in the queue and the server is waiting in the system. Using probabilistic argument at steady 
state, we obtain the following system of equations, 
 
ߣ ௜ܲǡ଴ ൌ ߣ߰ሺͳ ൑ ݅ ൑ ܽ െ ʹሻ ௜ܲିଵǡ଴ ൅ ߤ ௜ܲǡଵǡ Ͳ ൑ ݅ ൑ ܽ െ ʹǡ (1) 
                (ߣ ൅ ߚሻ ௜ܲǡ଴ ൌ ߣ ௜ܲିଵǡ଴ ൅ ߙ߰ሺ݅ ൌ ܽ െ ͳሻ ௔ܲିଵǡଶǡ ܽ െ ͳ ൑ ݅ ൑ ܰ െ ͳǡ (2) 
           ߚ ேܲǡ଴ ൌ ߣ ேܲିଵǡ଴ǡ (3) 
ሺߣ ൅ ߤሻ ଴ܲǡଵ ൌ ߣ ௔ܲିଵǡଶ ൅ ߤ෍ ௦ܲǡଵ
௕
௦ୀ௔
൅ ߚ෍ ௦ܲǡ଴
௕
௦ୀ௔
ǡ (4) 
ሺߣ ൅ ߤሻ ௜ܲǡଵ ൌ ߣ ௜ܲିଵǡଵ ൅ ߚ߰ሺͳ ൑ ݅ ൑ ܰ െ ܾሻ ௜ܲା௕ǡ଴ ൅ ߤ߰ሺͳ ൑ ݅ ൑ ܰ െ ܾሻ ௜ܲା௕ǡଵǡ 
                                                                                                                                    ͳ ൑
݅ ൑ ܰ െ ͳǡ 
(5) 
 
ߤ ேܲǡଵ ൌ ߣ ேܲିଵǡଵǡ (6) 
            ሺߣ ൅ ߙሻ ௔ܲିଵǡଶ ൌ ߤ ௔ܲିଵǡଵ ൅ ߚ ௔ܲିଵǡ଴ǡ                      
(7)  
  
where ߰ሺπሻ is equal to 1 when the expression  is satisfied, otherwise its value is 0. Solving 
equations (1) to (7) recursively, we yield steady state probabilities as  
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where  and  are given by 
 
 
 
  
 
 
Using normalization condition  we get  
 
 . 
 
4. Performance measures 
 
Once the state probabilities at arrival epochs are known, we can evaluate various performance 
measures such as the average number of customers in the queue , average waiting time in the 
queue  and the probability of blocking (PBL). They are given by 
. The probability of blocking is given by 
. The average waiting time in the queue using Little’s rule is , where 
 is the effective arrival rate.  
Figures 2(a) and 2(b) show the effect of arrival rate on the average queue length for different 
values of  and , respectively. From Fig 2. (a), it can be observed that for all values of  the average 
queue length increases as  increases. Also, for fix  the queue length increases as  increases. For fix 
 the queue length decreases as  increases in Fig. 2 (b). The effect of utilization factor on loss 
probability for vacation and non-vacation model is considered in Figure 3 (a). We observe that loss 
probability monotonically increases with the increase of utilization factor. Further, the loss probability 
in case of vacation is slightly higher than the one obtained in case of non-vacation.  Fig. 3 (b) 
illustrates dependence of the average waiting time on Ȝ and . We observe that for fixed service rate 
the average waiting time decreases as the arrival rate Ȝ increases. Further with fixed Ȝ it increases 
when the service rate increases. Hence we can setup an admissible arrival rate and the sufficient 
service rate in the system in order to have lower average waiting time.  
 
           
Fig. 2 (a)  Impact of arrival rate (Ȝ) on Lq with varying     (b) Effect of arrival rate on Lq with varying b. 
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Fig. 3(a)  Effect of utilization factor on loss probability;      (b) Impact of  Ȝ and  on average waiting time  (Wq). 
5. Conclusion 
In this paper, we have presented an analytical model for the energy saving management of type-I. 
Our proposed model primarily investigates the energy saving management using finite buffer batch 
service queueing system with multiple vacations and changeover time. We have studied the overall 
message delay in the downlink channel and performance of mean number of packets in the queue, 
queueing delay and probability of blocking. Our proposed scheme for power saving type class-I 
handles heavy traffic applications like web browsing more efficiently as frequent start-up will be less 
and the energy cost will be less.  
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